The leaf essential oil of Tarchonanthuscamphoratus(Asteraceae) was obtained by hydrodistillation and analyzed by GC-MS. Fifty-six components were characterized, representing 94.2% of the total oil with oxygenated monoterpenes (48.3%) and oxygenated sesquiterpenes (32.7%) as the major groups. The principal constituents were identified as endo-fenchol (21.2%), trans-pinene hydrate (8.8%), caryophyllene oxide (7.5%), α-terpineol (6.4%), τ-cadinol (6.4%), and α-cadinol (5.2%). The essential oil was evaluated for its antimicrobial activity using a disc diffusion assay resulting in the moderate inhibition of a number of common human pathogenic bacteria, including methicillin-resistant Staphylococcus aureus(MRSA) and the yeast Candida albicans. The inhibition zones varied from 10 to 14mm/disc. Furthermore, the antioxidant capacity of the essential oil was examined using an in vitroradical scavenging activity test. The T. camphoratus essential oil scavenged 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), resulting in an IC 50 value of 5.6 mg/mL. At concentrations of 100 and 50μg/mL, the oil showed cytotoxic activity, with growth inhibition of 59.1% (±4.2), and 16.2% (±8.7) against HT29 tumor cells (human colonic adenocarcinoma cells), respectively(IC 50 = 84.7  7.5 μg/mL).
Tarchonanthus camphoratus L. (local name: Bayad or Mukar) is known in Yemen as the natural camphor bush/tree, is a member of the Asteraceae. It is an untidy, strongly aromatic shrub growing up to 3m in height. It is widespread on open stony hillsides between 1200-2500 m [1] . The strongly scented leaves are often used as an infusion to treat stomach ailments and bronchitis. The smoke liberated from the burning of the aerial parts of this plant is inhaled to treat sinus-related complaints and offer relief for headaches. Burned leaves and seeds have been used for fumigation during funeral rituals [2] . Leaves are used as hot poultices for treating chest complaints. Chewing the leaves is said to alleviate toothache [3] . Studies on the essential oil and extracts of T. camphoratus have reported different biological properties such as antimicrobial, antidiabetic, antioxidant, insect repellent, insecticide, analgesic and antipyretic activity [4] [5] [6] [7] [8] [9] [10] [11] Phytochemical tests on the plant extracts revealed the presence of tannins, saponins and reducing sugars, but not cardiac or anthraquinone glycosides [12] . Analysis of the leaf oil (yield: 0.76%, v/w) of Kenyan plants identified endo-fenchol (29.1% ), 1,8-cineole (eucalyptol: 16.5%) and α-terpineol (8.5%) as the major constituents. Camphor was present in only minor quantity (0.4%) [12] . In another study, Matasyoh et al. reported the presence of fenchol (15.9%), 1,8-cineole (14.3%) and α-terpineol (13.2%) as main components of oil extracted from Kenyan T. camphoratus [13] . Various flavones (e.g. luteolin, apigenin, nepetin and hispidulin) have been reported in Egyptian collections of this species, as have the sesquiterpene lactone parthenolide and the quaternary alkaloid, tarchonanthine [14, 15] .
To the best of our knowledge, a detailed investigation of the essential oil of T. camphoratus (TCEO) grown in Yemen has not yet been undertaken. Also, the cytotoxic, and antioxidant effect of TCEO has not been reported to date. Therefore, the aim of the present work was to determine the chemical profile of the essential oil obtained from T. camphoratus grown in Yemen by gas chromatography-mass spectrometry (GC-MS), and to describe its antimicrobial, antioxidant and cytotoxic activities.
The essential oil was obtained by hydrodistillationwith a yield of 0.52%, v/w, on a dry-weight basis.Fifty-sixcompounds, representing 94.2% of the oil, were identified ( Table 1) . As can be seen in Table 1 , the main constituents of the essential oil were oxygenated monoterpenes and oxygenated sesquiterpenes in the ratios of 48.3% and 32.7%, respectively. endo-Fenchol(21.2%), trans-pinene hydrate (8.8%) and α-terpineol (6.4%) were the main oxygenated monoterpenes. Caryophyllene oxide (7.5%), τ-cadinol(6.4%), and α-cadinol(5.2%) were the main oxygenated sesquiterpenes.
In the previously reported content of TCEO from Kenya, it is interesting to note qualitative and quantitative differences from our results, indicating that environmental factors may strongly influence the chemical composition. Thus, 1,8-cineole, which was the major constituent [10, 12, 13] , was not detected in our study. In another study, Omolo et al. reported a higher amount of monoterpene hydrocarbons (38.6%) with α-pinene (16.6%) and camphene (16.7%) being the major ones, while monoterpene hydrocarbons accounted for only 6.6% of our oil sample, again with α-pinene and camphene as the main compounds. Sesquiterpenes, which were present in high concentration (42.4%) in our sample, represented only14.9% of the total oil in the previous study [13] . The antimicrobial activity of TCEO was evaluated against seven microorganisms, using the disc diffusion assay. At a concentration of 10 μL/disc, TCEO showed moderate antimicrobial activity against S. aureus, MRSA and B. subtilis, ranging from 10-14 mm inhibition zones, and no activity against either P. aeruginosa or E. coli, but very moderate inhibition zones of 12 mm against C. albicans. The antimicrobial activity of the essential oil can be attributed to its high content of oxygenated monoterpene, such as monoterpene alcohols, which constitute about 35.5% of the oil [16] . Antimicrobial activity was reported also for α-pinene [17] , caryophyllene oxide [18] , α-cadinol [19] , and spathulenol [20] . The marked difference in antimicrobial activity between the oils studied from Kenya and the one reported here may be due to variations in chemical composition. This might be mainly due to the absence of 1,8-cineole in our sample, which is known to exhibit good antimicrobial activity against several bacterial strains [21] , and was found as the major compound in the Kenyan T. camphoratus oil.
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DPPH radical scavenging activity of the TCEO was evaluated for assessment of its antioxidant capacities. DPPH radical scavenging activity of the positive standard (Vitamin C) and the essential oil were expressed as IC 50 values, the concentrations of analyte required for the conversion of half the DPPH radicals to their more stable molecular counterparts, 2,2-diphenyl-1-picrylhydrazines. TCEO showed weak antioxidant activity, with an IC 50 of 5.3 mg/mLin comparison with ascorbic acid (IC 50 = 12.1 µg/mL). This might be due to the absence of phenolic compounds such as carvacrol or thymol in the oil [22] .
The cytotoxic activity of TCEO was studied against HT29 tumor cells (human colonic adenocarcinoma cells). The cell line was subjected to increasing doses of the essential oil at concentrations of 25, 50 and 100 µg/mL. The percentages of growth inhibition were 59.1% (± 4.2), and 16.2% (±8.7) at concentrations of 100 and 50µg/mL, respectively (IC 50 = 84.7  7.5 μg/mL). To the best of our knowledge, this is the first report on the cytotoxic properties of TCEO. This cytotoxicity might be attributed to the presence of monoterpenes such as terpinen-4-ol (3.0%),andα-pinene (2.8%) [23, 24] . Moreover, sesquiterpenes,which are well represented in TCEO by caryophyllene oxide (7.5%) and α-cadinol (5.2%), were previously reported to exhibit cytotoxic activity against different cell lines [25, 26, 27 ].
In conclusion, Yemeni TCEO was characterized by a high content of oxygenated mono-and sesquiterpenes and the absence of 1,8-cineole, which was reported in the Kenyan oil as its main component. Our results show also that TCEO is active against HT29 tumor cells. This cytotoxic property could be explained, in part, by the presence of terpinen-4-ol, α-pinene, caryophyllene oxide, and α-cadinol as main active constituents.
Experimental
Plant material:The leaves of T. camphoratus were collected in the early morning from the Alselw district, Taiz province, Yemen, on 13 th August 2011. The plant was identified by Dr Hassan M. Ibrahim of the Botany Department, Faculty of Sciences, Sana'a University. A voucher specimen (YMP-comp-14) has been deposited at the Pharmacognosy Department, Sana'a University, Yemen.
Volatile oil extraction:Dried leaves from T. camphoratus were hydrodistilled for 3 h in a Clevenger type apparatus according to the European Pharmacopoeia [28] . The obtained oil was subsequently dried over anhydrous Na 2 SO 4 and kept at 4°C until analysis.
GC-MS analysis:
The essential oil of T. camphorates was analyzed by GC-MS using an Agilent 6890 GC with Agilent 5973 mass selective detector [MSD, operated in the EI mode (electron energy = 70 eV), scan range = 45-400 amu, and scan rate = 3.99 scans/sec], and an Agilent ChemStation data system. The GC column was a
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HP-5ms fused silica capillary with a (5% phenyl)-polymethylsiloxane stationary phase, film thickness of 0.25 μm, a length of 30 m, and an internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 48.7 kPa and a flow rate of 1.0 mL/min. Inlet temperature was 200°C and interface temperature 280°C. The GC oven temperature program was used as follows: 40°C initial temperature, hold for 10 min; increased at 3°C/min to 200°C; increased 2°/min to 220°C. A 1 % w/v solution of the sample in CH 2 Cl 2 was prepared and 1 μL was injected using a splitless injection technique.
Identification of the oil components was based on their retention indices determined by reference to a homologous series of nalkanes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [29] , as stored in the MS library [NIST database (G1036A, revision D.01.00) /ChemStation data system (G1701CA, version C.00.01.080]. The percentages of each component are reported as raw percentages based on total ion current (TIC) without standardization. The essential oil composition of T. camphoratus is summarized in Table  1 .
Antimicrobial activity:The antimicrobial activity of the essential oilwas evaluated by the agar disc diffusion method, and the minimal inhibitory concentration (MIC) was determined using a broth dilution method, as previously described [30] . The microorganisms used were Escherichia coli ATCC 10536, Pseudomonas aeruginosaATCC 25619, Staphylococcus aureus ATCC 29737, Bacillus subtilis ATCC 6633, and Candida albicans ATCC 2091. Muller Hinton Agar (MHA) (Merck, Darmstadt, Germany) was used for bacterial culture at 37ºC. Sabouraud dextrose agar (Merck, Darmstadt, Germany) was used to culture Candida albicans.
Determination of antioxidant activity:
For the preliminary test, analytical TLC on silica gel plates was developed under appropriate conditions after application of 5 μL of oil solution, dried and sprayed with DPPH solution (0.2%, MeOH). Five minutes later, active compounds appeared as yellow spots against a purple background. Estimation of a radical scavenging effect was carried out by using a DPPH free radical scavenger assay in 96-well microtiter plates (MTP) according to the modified method [31] . A solution of DPPH (Sigma-Aldrich, Germany) was prepared by dissolving 5 mg DPPH in 2 mL of methanol, and the solution waskept in the dark at 4°C until use. Stock solutions of the samples were prepared at 2 mg/mL and diluted to different concentrations. Methanolic DPPH solution (5 μL) was added to each well. The plate was shaken for 2 min to ensure thorough mixing before being wrapped in aluminum foil and stored inthe dark. A methanolic solution of DPPH served as control. After 30 min the optical density (OD) of the solution was measured at a wavelength of 517nm using a microtiter plate ELISA reader (Thermo, Finland) and the percentage decolorization calculated as an indication of the antioxidant activity of thesample. Each experiment was made at least in triplicate and IC 50 values were calculated. Ascorbic acid (Sigma-Aldrich, Germany) was used as a positive control. DPPH scavenging activity is usually presented by an IC 50 value, defined as the concentration of the antioxidant needed to scavenge 50% of DPPH present in the test solution.
Cytotoxicity test:HT29 cells were grown in a 5% CO 2 environmentat 37°C in RPMI 1640 medium without L-glutamine, supplementedwith 10% fetal bovine serum, 1% (200 mM) L-alanyl-L-glutamineand 1.6% HEPES (1 M). Cells were plated into 96-well cell culture plates at 1.5 × 10 3 cells (HT29) per well. The volume in each well was 100 μL. After 24 h, supernatant fluid was removed by suction and replaced with 100 μL growth medium containing 0.1 μL of a DMSO solution of the essential oil, giving final concentrations of100, 50, and 25μg/mL for each well. Solutions were added to wells in 3 replicates. Medium controls without cells and DMSO controls (0.5 μL DMSO/mL) were used. Digitonin (125 μM) was used as a positive control [32] . After the addition of oils, plates were incubated for 72 h at 37°C in 5% CO 2 ; medium was then removed by suction, and 100 μL of fresh medium was added to each well. In order to establish percent growth inhibition rates, the XTT assay for cell viability was carried out according to Cell Proliferation Kit II protocol, (Roche) [33] . After colorimetric readings were recorded (Molecular Devices Spectra MAX M5 microplate reader, 490 nm), average absorbance, growth inhibition and standard deviations were determined. The IC 50 value was determined using the Reed-Muench method [34] .
